C ervical spondylosis is a common and painful condition that is typically caused by a degenerative disk. Severe degeneration of the cervical intervertebral disk causes cervical hyperplasia and soft disk herniation. Radiculopathy may occur when at least 1 nerve root of the spinal cord is compressed by bone hyperplasia and soft disk herniation. However, myelopathy may occur when the cervical spine is compressed by longitudinal ligament ossification and central soft disk herniation. Surgical management is typically indicated in patients with severe pain who do not show improvement after nonoperative treatment or who show increasing neurologic deficits. For many years, anterior cervical diskectomy and fusion has been the primary treatment of cervical spondylosis with myelopathy or radiculopathy. However, the possibility of accelerated degeneration of adjacent segments has been a concern. Excellent results have been reported with several cervical disk arthroplasty devices in studies with short-term follow-up. 1 Some studies suggest that cervical arthroplasty can retain segmental disk mobility, 2,3 thereby reducing or avoiding degeneration of adjacent disk segments. Some research suggests that cervical arthroplasty leads to lower reoperation rates, less intraoperative bleeding, and fewer other adverse events. However, Coric et al 4 reported no statistically significant difference between groups in overall reoperation rate or adjacent-level reoperation rate. Potential disadvantages include toxicity and wear, biocompatibility, increased incidence of heterotopic ossification, 2, 5 and implant migration or subsidence. Numerous randomized controlled trials have compared cervical arthroplasty with anterior cervical decompression and fusion for the treatment of symptomatic cervical disk disease, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] including numerous US Food and Drug Administration investigational device exemption studies, over a range of 1 to 5 years. 6, [13] [14] [15] [16] [17] [18] [19] [20] [21] However, the results of these studies are controversial. Some studies showed better neurologic outcomes cervical spondylosis and anterior surgery; cervical spondylosis and anterior cervical decompression and fusion; cervical spondylosis and decompression; cervical spondylosis and total disk replacement; cervical spondylosis and artificial disk replacement; cervical spondylosis and arthroplasty; total disk replacement, artificial disk replacement, anterior cervical decompression and fusion and total disk replacement; anterior cervical decompression and fusion and cervical arthroplasty; anterior cervical decompression and fusion and decompression; total disk replacement and decompression; and cervical disk herniation and anterior cervical decompression and fusion. Searches were performed with various combinations of the operators "and," "not," and "or." A similar search was performed in the Cochrane library. The language was restricted to English. The full search strategy is available on request from the corresponding author. The goal of this study was to identify randomized controlled trials on cervical spondylosis conducted from January 1, 2000, to April 30, 2015. Reference lists from the studies selected in the search were assessed to identify additional articles meeting the inclusion criteria for this review.
The quality of the studies was independently assessed by 2 authors (W.T., C.Z.). The decision on whether to include an article was made by manual screening of titles and abstracts followed by screening of the full text by the same reviewers. When the authors required additional data or clarification, they contacted the study authors. Disagreements between reviewers were resolved by discussion with another reviewer (D.G.).
Eligibility Criteria
The following inclusion criteria were used: (1) study design: only randomized controlled trials; (2) study population: patients with pain or neurologic symptoms caused by degenerative processes in the cervical spine after unsuccessful conservative therapy without previous fusion; (3) purpose of interventions: to compare differences in clinical outcomes between cervical arthroplasty vs anterior cervical decompression and fusion; (4) follow-up time: within 2 years; (5) surgical segments: only single-level spinal segment surgery; and (6) outcome measurements: neurologic success rate, overall success rate, range of motion of the index segment, surgical complications, reoperation rate, operative time, and blood loss. Studies that did not meet these criteria were excluded. Two review authors (W.T., C.Z.) independently assessed titles and abstracts for possible inclusion. If they could not reach an agreement, a third reviewer (D.G.) made the decision. Only articles published in English were included. The risk of bias was assessed with the criteria proposed by the Cochrane Review Group. The level of evidence was assessed according to the guidelines of the Grading of Recommendations Assessment, Development and Evaluation (GRADE) working group.
Exclusion Criteria
Studies were excluded if they (1) had an average follow-up time of less than 24 months; (2) were uncontrolled; (3) were case reports or systematic reviews; or (4) discussed only combined anterior cervical decompression and fusion and cervical arthroplasty vs anterior cervical decompression and fusion or cervical arthroplasty alone for the treatment of cervical spondylosis.
Data Extraction and Management
Data were extracted independently by 2 reviewers (W.T., C.Z.). Disagreements were discussed, and another independent expert (M.W.) was consulted if necessary. The following information was obtained for each study: (1) general characteristics, including authors, year of publication, sample size, patient age, patient sex, duration of follow-up, and type of graft; and (2) measurement of clinical outcomes: length of hospital stay, blood loss, operative time, VAS score, NDI score, fusion rate, range of motion, and complications. All included studies met the inclusion criteria and did not contain exclusion criteria. The extracted data were reassessed for accuracy.
Statistical Analysis
All statistical tests were performed with SPSS Statistics, version 19.0 (IBM, Armonk, New York), and Review Manager, version 5.3 (The Cochrane Collaboration, London, United Kingdom). The cervical arthroplasty group was considered the study group, and the anterior cervical decompression and fusion group was the control group. Heterogeneity was tested with the chi-square test and quantified by calculating the I 2 statistic. P<.1 and I 2 >50% were considered statistically significant. For the pooled effects, the weighted mean difference or standard mean difference was calculated for continuous variables, according to the consistency of measurement units, and the odds ratio (OR) was calculated for dichotomous variables. Continuous variables were reported as mean difference and 95% confidence interval (CI), whereas dichotomous variables were reported as OR and 95% CI. Random-effects or fixed-effects models were used, depending on the heterogeneity of the studies.
results

Search Results
In total, 979 citations were identified in PubMed, 574 were identified in Embase, and 31 were identified in the Cochrane library. After the articles were reviewed and duplicates were removed, a total of 1131 titles and abstracts were screened. The second stage of screening of abstracts was based on study design, population, purpose of interventions, and outcome index. A total of 73 articles were identified. An additional 58 studies were subsequently excluded because they did not meet the inclusion criteria after review of the full text. One article was excluded because of insufficient follow-up. An additional 2 studies were excluded because of other interventions. Two articles that were identified were written by the same author, and the more recent article was selected for inclusion. As a result, 15 studies met the eligibility criteria, 2, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] and the meta-analysis was conducted with these 15 studies. Study inclusion criteria are detailed in Figure 1 .
Demographic Characteristics and Quality Assessment
The demographic characteristics of the included studies are shown in Table 1 and Table 2 . No statistically significant differences were noted in the demographic features of the study and control populations. No differences were found in demographics, such as age and sex ratio, between the 2 groups (P<.05). The 15 studies included a total of 2853 patients: 1472 who underwent cervical arthroplasty and 1381 who underwent anterior cervical decompression and fusion. All participants in the 15 studies had at least 2 years of follow-up. According to the GRADE method, the study results were summarized for each selected outcome parameter. The results are shown in Table 3 . The strength of evidence was rated with the GRADE approach for all of the pooled clinical outcomes. Study design, risk of bias, consistency, directness, and precision were assessed to rate the strength of evidence. The strength of evidence was rated for all of the pooled results, and no high-quality evidence was identified. With 24 months of follow-up, evidence was moderate for NDI score, neurologic status, pain assessment with VAS score, SF-36 score, range of motion for the index segment, and degeneration rate for adjacent levels.
Heterogeneity and Risk of Bias
To establish inconsistency in the study results, the chi-square test was performed and quantified by calculating I 2 . The I 2 value ranges from 0% to 100%, with 0% 
e25
Copyright © SLACK inCorporAted n Review Article indicating the absence of heterogeneity, for which P<.1 and I 2 >50% were considered statistically significant. Although absolute numbers for I 2 are not available, values of 50% are considered to indicate low heterogeneity. When I 2 is 50%, low heterogeneity is assumed, and the effect is believed to be caused by change. Conversely, when I 2 >50%, heterogeneity is believed to exist, and the effect is considered random. For pooled effects, weighted mean difference or standard mean difference was calculated for continuous variables according to the consistency of measurement units, and OR was calculated for dichotomous variables. Continuous variables are presented as mean difference and 95% CI, and dichotomous variables are presented as OR and 95% CI. Random-effects or fixed-effects models were used, depending on the heterogeneity of the included studies. Two reviewers (W.T., C.Z.) independently evaluated the risk of bias according to the 12 criteria recommended by the Cochrane Back Review Group. Two reviewers attempted to reach consensus for each criterion. Based on the recommendations of the Cochrane Back Review Group, studies were rated as having a low risk of bias when at least 6 of the 12 criteria were met without serious flaws. Studies were rated as having a high risk of bias if they had serious flaws or if fewer than 6 of the criteria were met. Among the included articles, all studies were considered to meet at least 6 of the 12 criteria without serious flaws and were rated as having a low risk of bias (Figure 2 ).
Clinical Outcome Analysis
Blood Loss, Hospital Stay, and Operative Time. Six studies (cervical arthroplasty, 723 patients; anterior cervical decompression and fusion, 694 patients) reported intraoperative blood loss. Blood loss was increased in the cervical arthroplasty group compared with the anterior cervical decompression and fusion group (mean difference, 10.43; 95% CI, 1.68-19.18; P=.02) (Figure 3) . Four studies reported length of hospital stay. A total of 941 patients from 4 studies (cervical arthroplasty, 484 patients; anterior cervical decompression and fusion, 457 patients) were included in this comparison. The available data showed high heterogeneity (I 2 =69%). There was no difference in hospital stay between the 2 treatment groups (mean difference, -0.02; 95% CI, -0.26 to 0.23; P=.90) (Figure 4 ). Six studies (cervical arthroplasty, 723 patients; anterior cervical decompression and fusion, 696 patients) reported operative time, and the sensitivity analysis was used to rule out re- search. 11 Operative time also increased in the cervical arthroplasty group compared with the anterior cervical decompression and fusion group (mean difference, 9.08; 95% CI, 5.04-13.12; P<.0001; I 2 =50%) ( Figure 5 ). In addition, the quality of evidence for these outcomes was moderate.
Neck (Figure 7) . Two studies reported SF-36 scores (cervical arthroplasty, 251 patients; anterior cervical decompression and fusion, 228 patients). Compared with the anterior cervical decompression and fusion group, the cervical arthroplasty group had better SF-36 MCS at 24-month follow-up (mean difference, -1.94; 95% CI, -4.09 to 0.20; P=.08), with high heterogeneity (I 2 =52%), but no significant difference at 24-month follow-up was noted between the 2 groups for SF-36 PCS (standard mean difference, 0.75; 95% CI, -0.51 to 2.02; P=.24) ,with no heterogeneity (I 2 =0%) (Figure 8 ). Four articles (cervical arthroplasty, 402 patients; anterior cervical decompression and fusion, 370 patients) reported 15% improvement in SF-36 MCS and PCS at 24-month postoperative follow-up, and the pooled results from these articles showed no significant difference between the 2 groups, with (Figure 9 ). Two studies (cervical arthroplasty, 312 patients; anterior cervical decompression and fusion, 290 patients) provided preoperative and postoperative VAS scores for arm and neck pain. Both preoperative and 24-month follow-up results showed no significant difference in VAS scores between the 2 groups, with no heterogeneity (I 2 =0%) (Figure 10) . Neurologic Success Rate, Overall Success Rate, Reoperation Rate, and Radiographic Success Rate. Seven studies (cervical arthroplasty, 866 patients; anterior cervical decompression and fusion, 811 patients) were included in the metaanalysis to determine the neurologic success rate. The cervical arthroplasty group had a significantly higher OR compared with the anterior cervical decompression and fusion group (OR, 1.60; 95% CI, 1.21-2.11; P=.001), with no heterogeneity (I 2 =0%) (Figure 11 ). Five studies (cervical arthroplasty, 834 patients; anterior cervical decompression and fusion, 731 patients) reported the overall success rate. Compared with the anterior cervical decompression and fusion group, the cervical arthroplasty group had a higher OR for overall success rate (OR, 1.84; 95% CI, 1.46-2.31; P<.00001), with no heterogeneity (I 2 =0%) (Figure 12 ). Eight studies (cervical arthroplasty, 866 patients; anterior cervical decompression and fusion, 811 patients) assessed the reoperation rate for the 2 groups. The cervical arthroplasty (Figure 13) . Two studies (cervical arthroplasty, 188 patients; anterior cervical decompression and fusion, 157 patients) were included in the metaanalysis of radiographic success rate. The results showed no significant difference between the 2 groups at 24-month followup (standard mean difference, 2.33; 95% CI, 0.12-46.54; P=.58), with high heterogeneity (I 2 =64%) (Figure 14) .
Range of Motion of the Index Segment and Adjacent Level Degeneration Rate.
Three studies (cervical arthroplasty group, 364 patients; anterior cervical decompression and fusion, 336 patients) were included in the meta-analysis to study the range of motion of the index segment. The cervical arthroplasty group had better range of motion of the index segment compared with the anterior cervical decompression and fusion group (mean difference, 5.23; 95% CI, 4.71-5.74; P<.0001), with high heterogeneity (I 2 =98%) at 24-month follow-up. Three studies (cervical arthroplasty, 238 patients; anterior cervical decompression and fusion, 238 patients) reported the change in range of motion at 24-month follow-up, and the pooled outcome data indicated that the anterior cervical decompression and fusion group had more significant change in the postoperative period (mean difference, 8.01; 95% CI, 7.54-8.49; P<.00001), with high heterogeneity (I 2 =97%) (Figure 15) . The adjacent level degeneration rate for 500 patients (cervical arthroplasty group, 262 patients; anterior cervical decompression and fusion, 238 patients) from 2 studies was assessed. This rate was reduced in the cervical arthroplasty group compared with the anterior cervical decompression and fusion group (OR, -0.51; 95% CI, -0.33 to -0.80; P=.003), with high heterogeneity (I 2 =74%) (Figure 16) . Adverse Events and Visual Analog Scale Score for Patient Satisfaction. Three studies (cervical arthroplasty, 356 patients; anterior cervical decompression and fusion, 312 patients) were included for assessment of adverse events. The pooled results showed that the cervical arthroplasty group had a lower incident rate of adverse events compared with the anterior cervical decompression and fusion group (OR, 0.44; 95% CI, 0.21-0.93; P=.03), with no heterogeneity (I 2 =0%) (Figure 17) . Three studies (cervical arthroplasty, 395 patients; anterior cervical decompression and fusion, 365 patients) reported VAS scores for patient satisfaction. No differences in VAS scores for patient satisfaction were noted after cervical disk arthroplasty and fusion (mean difference, 3.98; 95% CI, 0.19-7.78; P=.04), with low heterogeneity (I 2 =25%) ( Figure  18 ).
discussion
Meaning of the Systematic Review
Anterior cervical decompression and fusion has been used for decades and has been considered the gold standard for the treatment of symptomatic cervical disk disease. However, cervical arthroplasty is also commonly used, and clinical use rates have increased sharply. It is often assumed that anterior cervical decompression and fusion theoretically can accelerate adjacent segment degeneration and that cervical arthroplasty can preserve motion and avoid the limitations of fusion. Although some researchers have performed metaanalyses to compare anterior cervical decompression and fusion and cervical arthroplasty, these studies have been limited by marked heterogeneity in the preoperative baseline, different follow-up times, and inclusion of patients undergoing decompression of different motion segments. The current meta-analysis included only patients undergoing single-level surgical procedures to decrease the effect of confounding levels. This criterion was the most significant difference from previous analyses. All of the studies included had at least 2 years of follow-up.
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Another difference from other analyses is that the authors selected only 2 years of follow-up results from studies included in the meta-analysis, thus reducing the possibility of potential bias caused by inconsistent follow-up time.
The current meta-analysis showed that cervical arthroplasty showed superior results compared with anterior cervical decompression and fusion for the SF-36 MCS, but no difference was noted between the 2 groups in the SF-36 improvement rate (>15% improvement) for the SF-36 MCS. A possible reason for the inconsistency between the SF-36 improvement rate and the SF-36 MCS is the different preoperative baseline for the SF-36 MCS between the 2 groups. Unlike the results of other systematic reviews, the current study found no difference in SF-36 PCS or the SF-36 improvement rate for the SF-36 PCS. In addition, no difference between the 2 groups was found for radiographic success rate and hospital stay. The pooled results for NDI scores showed no difference between the 2 groups, with a low degree of heterogeneity. Patients with cervical disk arthroplasty had a higher satisfactory VAS score and better range of motion of the index segment at 2-year follow-up compared with those in the anterior cervical decompression and fusion group. In addition, the cervical disk arthroplasty group had a higher neurologic success rate and a higher overall success rate compared with the anterior cervical diskectomy and fusion group. The current study found that all of the functional outcomes evaluated after cervical disk arthroplasty were superior or at least equivalent to those after fusion.
Adjacent segment degeneration and reoperation are more likely to occur with anterior cervical decompression and fusion than with cervical arthroplasty. This outcome may be related to the maintenance of range of motion in the cervical spine in patients treated with cervical arthroplasty. More surgery-related adverse events occurred in patients treated with anterior cervical decompression and fusion, mostly pseudarthrosis, dysphagia, graft donor site morbidity, and graft extrusion. The most frequent complications of cervical disk arthroplasty include heterotopic ossification, implant wear, migration and subsidence, and segmental kyphosis. In addition, compared with fusion, cervical arthroplasty could greatly reduce the risk of dysphagia.
Limitations
Although the current study included 15 randomized controlled trials, the authors concluded that the strength of evidence is insufficient for the following reasons. First, some of the studies lack the detailed design methods of randomized controlled trials, such as the blinding method and intention-to-treat analysis. Second, all cervical arthroplasty procedures were performed with a particular type of prosthesis. The type of arthroplasty prosthesis used may have a different effect on the final treatment outcome, and these studies may be sponsored by the medical device industry. Although they are carefully monitored, the impetus and funding of these studies may be a potential source of bias. Third, the strength of evidence graded in the current study was relatively low for most clinical results, and some evaluation results showed high heterogeneity. According to the allocation sequence gen- eration, allocation concealment, blinding, and follow-up, no trial was considered to have high methodologic quality because of lack of blinding. Fourth, there is a tendency toward selection bias in choosing patients for arthroplasty vs anterior cervical decompression and fusion because the severity of the patients' conditions is different. Fifth, some of the included studies lacked a complete evaluation index system. Sixth, the authors retrieved only studies published in English, which may lead to a potential publication bias. Seventh, because investigational device exemption surgeons typically have a higher skill set, they likely have better outcomes than average community surgeons, who perform most anterior cervical decompression and fusion procedures. Eighth, the authors did not analyze medical costs for both groups because the included studies did not provide this information. Finally, the authors selected only 2-year follow-up results from the included studies because all studies did not report longer-term results. Therefore, it was not possible to draw conclusions about long-term results.
conclusion
The pooled results showed that cervical arthroplasty was superior or at least equal to anterior cervical decompression and fusion for all outcome measures except operative time. Although cost and operating time are higher with this technique, cervical arthroplasty is recommended for the surgical treatment of patients with single-level cervical spondylosis. A welldesigned, detailed, double-blind study with longer follow-up is needed to draw stronger conclusions. 
